Rationale: Coronary perforation leading to fistula directed to the right ventricle is a rare complication of percutaneous coronary intervention (PCI). The reported outcomes vary from a stable state to rapid deterioration.
Introduction
Percutaneous coronary intervention (PCI) is a commonly used procedure to treat coronary artery disease. Iatrogenic coronary artery fistula (ICAF) is a rarely reported complication. [1] An ICAF is an abnormal communication through which coronary artery blood is shunted into a cardiac chamber or other vascular structure without first passing through the myocardial capillary bed. The treatment strategy of ICAF is not well established and mainly depends on the patient's hemodynamic status. [2, 3] Here we report on a case in which the ICAF spontaneous resolved during intervention for a chronic total occlusion (CTO) lesion.
Case report
showed that the left anterior descending coronary artery (LAD) was patent, and that the distal part of the circumflex artery (LCX) had a CTO lesion and had abundant bridge collateral circulation. The right coronary artery (RCA) was also totally occluded from the second bend and was supplied through a few collateral paths from the LAD (Fig. 1A) . We planned to tunnel the RCA lesion first. Since the collateral circulation from the LAD was too small to navigate the direction of the distal RCA and also considering the poor renal function of our old patient, we did not perform a contralateral angiography. A Medtronic 6F SAL 1.0 guiding catheter was engaged through the ostium of the RCA. The guidewire went through the occluded lesion and got to the distal part of the "post lateral artery" (PLA), which later proved to be in the right ventricle (RV) chamber (Fig. 1B) . However, the microcatheter could not pass through the lesion. Therefore, a 1.25 mm balloon (The number indicate the diameter of the balloon) was used, which successfully crossed the lesion and dilated the occluded lesion from the PLA to the distal of the RCA, but we were unable to detect any blood flow. Then a 2.0 mm balloon was inserted and dilated the above lesions again. The followed cine showed that the contrast had flushed out from the distal RCA lesion (Fig. 1C and D, Video 1, http://links.lww.com/ MD/C752). The coronary perforation was documented and classified as Ellis type III [4] in the RCA. A 2.0 mm balloon was immediately inflated in proximity to the perforation site to obstruct blood flow, whilst the pericardiocentesis kit was prepared to be ready for use. To reverse heparin, 20 mg of protamine was intravenously injected. Prolonged obstruction Yu et al. Medicine (2019) 98: 3 Medicine with the 2.0 mm balloon at 8 ATM was performed intermittently for about 60 min, but the leakage persisted. The angiogram showed that the contrast was clearing rapidly with no residual pericardial staining. Echocardiography was repeated several times, but we were unable to detect signs of pericardial effusion nor cardiac tamponade. A very strong echo signal was detected in the RV from the guidewire ( Fig. 2A) , which confirmed the existence of the perforation. There was an abnormal Doppler flow detected in the RV, which was not seen before PCI and was suspected come from the fistula. The Doppler flow seemed more pronounced in the diastole phase and less, but continuous, through the systole phase ( Fig. 2B and C, Video 2, http://links. lww.com/MD/C755). The patient remained hemodynamically stable and displayed no symptoms for about 30 min of observation after releasing of the balloon. A careful review of several angiograms that were obtained at different projections allowed us to determine that the contrast medium did not persist in the myocardium or in the pericardium, but was quickly washed out through the pulmonary artery, suggesting an ICAF from the RCA to the RV. We terminated the procedure and sent the patient to the coronary care unit (CCU) for intensive monitoring. The cardiac enzyme level was within the normal range, and we were unable to detect a pericardial effusion or wall motion abnormalities through echocardiogram. There was no abnormal Doppler signal in the RV either. Two days after the procedure, a coronary computed tomography angiography (CTA) was performed, with the intention to find the fistula located from the RCA to the RV, but no abnormal shunt was observed. The patient was soon discharged and displayed no chest discomfort during the 10 months of follow-up. Yu et al. Medicine (2019) 
Discussion
Coronary perforation is a potentially lethal complication during PCI, which may lead to tamponade, myocardial infarction, emergency surgical intervention or death. The incidence of iatrogenic coronary perforation after PCI has been reported to be between 0.1% and 0.58%. [5] [6] [7] However, if plaque debulking techniques were used during the PCI procedure, such as atherectomy, rota-ablation and excimer laser angioplasty, then the incidence of iatrogenic coronary perforations would increase to 0.5 to 3.0%. [8] Additional perforation risk factors include using a hydrophilic guidewire, oversized balloons or stents, [9] a high pressure dilation, diffuse vessel disease, chronic total occlusion, old age, and being female.
Coronary perforation that leads to a fistula directed to the RV is a rare complication of PCI. [10] It was first reported by Meng et al in 1985 that an intracardiac perforation occurred at the LAD to the RV during PCI.
[1] Said et al reviewed PubMed publications focusing on congenital or acquired coronary cameral fistulas (CCFs) between 2000 and 2010. [11] Publications describing patients with coronary-vascular fistulas were excluded. A total of 243 adult patients were selected who had congenital (n = 159/243, 65%) and acquired (n = 84/ 243, 35%) CCFs. Among the acquired-type group, there were 65 patients who had the iatrogenic type of CCFs, and in 15 patients (15/84, 18%) the CCFs were brought about by nonsurgical procedures, such as PCI, implanting pacing and implantable-cardioverter defibrillator (ICD) leads and radiofrequency ablation.
Ellis type III perforations were associated with high rates of tamponade, urgent bypass surgery and death. However, type III perforations with cavity spilling, here we call these ICAF, were associated with relatively good outcomes, but the conventional management is still being debated on. [12] Spontaneous closure has been reported on for congenital CCFs, and it has also been demonstrated in acquired CCFs. In another study, 14 out of 176 heart transplant patients who underwent endomyocardial biopsy experienced ICAF. Fifty-two percent arose from the RCA, 43% from the LAD, and 5% from the LCX. All drained into the RV. No complications of coronary artery fistula developed during a mean follow-up of 28 months. The lack of untoward events, the generally small size of the shunts and the occurrence of spontaneous resolution favor nonsurgical management. [2] Iatrogenic left coronary artery fistulas were detected in 9 out of 40 study patients with hypertrophic cardiomyopathy, who underwent surgical myectomy. In these cases, only 1 fistula did not heal spontaneously and appeared with ischemic symptoms that needed therapeutic intervention. [3] As for ICAF due to PCI, reported cases show a variety of outcomes from stable state to rapid deterioration. Several cases of the spontaneous closure of ICAF complicating PCI have been reported; the reasons for this include guidewire injury [13] [14] [15] and balloon dilatation. [6, 16] In this present case, the shunt was seemed to be of medium size, but the post-procedure echocardiogram and CTA examinations showed no signs of fistulas from the RCA to the RV, which implies that it might have healed spontaneously soon after PCI. This might be due to the weak antegrade blood flow caused by the diseased RCA and the early administration of protamine to reverse the effect of heparin. In other cases, serious complications have been described, such as medium or large fistulas that are associated with volume overload and/or distal myocardial flow impairment, possibly leading to myocardial ischemia.
[17] Ruggieri et al described a case of iatrogenic fistula from the LAD to the RV caused by excessive post-dilatation after stent implantation at the LAD. They immediately deployed a cover stent and successfully sealed the coronary fistula, but that caused a further complication, coronary thrombosis. The pharmacological management of this is cumbersome in the setting of a coronary perforation. [18] Previous reports and our experience from this case suggest that small-or even medium-size fistulas may not need to be closed immediately if the patient is hemodynamically stable. Close observation and re-evaluation by echocardiography or CTA are helpful to choose appropriate management strategies, avoiding unnecessary cover stent implantation or coil embolization therapy. If the large iatrogenic coronary-cameral shunt causes myocardial ischemia symptom or heart failure, it should be treated either with percutaneous transcatheter embolization techniques [19] [20] [21] or when the anatomy is not amenable, the surgical ligation method could be utilized.
Provided that most ICAFs occur during PCI were due to coronary perforation, why the blood (contrast) all rush into the chamber in steady of into the pericardial sac. Is it possible that the fistulas already existed there, and that the balloon dilation or guide wire damage that made the fistulas apparent? Said et al analyzed 7 patients with acquired CCF to assess the possible involvement of coronary atherosclerosis in the pathogenesis. [22] None of the patients underwent therapeutic endovascular procedures before the detection of the fistulas with coronary angiography. They found that 5 out of the 7 patients had atherosclerotic changes and 2 patients were associated with myocardial infarction (MI). CCFs complicating MI has previously been described in the literature. [23, 24] The fistulas had formed as a result of the transmural MI facilitated by the occurrence of soft necrotic myocardial tissue in the infarction region. In the 5 patients associated with severe atherosclerosis, the most likely mechanisms for the formation of the CCFs are: (1) aberrant development of collateral vessels, that is, collaterals that "lost their way" or direction and terminated elsewhere (inadvertently into a cardiac chamber), rather than at the target myocardial region; (2) dilatation of arteriovenous channels that may permit enough shunting of blood to be visualized during coronary angiography. [25, 26] According to these mechanisms, we surmise that in our case there were already hidden fistulas from the RCA to the RV around the CTO lesion. The guidewire was mistakenly led into the RV through the tunnel of these "hidden" fistulas, and what we eventually dilated was the tunnel but not the free vessel wall. Thus, no "real" perforation was caused, which might explain why there was no sign of an effusion in the pericardium all along.
Conclusion
The appropriate treatment for ICAF should be determined on an individual-specific basis according to the severity of the ICAF. Our case indicates that even medium-size ICAFs may seal spontaneously without additional management. Echocardiography or coronary CT angiography could provide useful information during the follow-up of the ICAF.
